aBSTRaCT Streptococcus uberis is an environmental bacterium responsible for bovine mastitis. It is occasionally described as a human pathogen. In our study, the isolation was undertaken of lactic acid bacteria from a local cheese from Southeastern Serbia, produced in a traditional way. S. uberis (7 isolates) and S. agalactiae (1 isolate) were isolated from the cheese samples taken in the summer. the biochemical and physiological characteristics of the isolates were examined. Using tetracycline, chloramphenicol, novobiocin and rifampicin, the antibiotic susceptibility of the isolates was evaluated. the results demonstrated that all the isolates were susceptible to all the tested antibiotics, with a growth inhibition zone from 36-48 mm. also, the antagonism was examined of S. uberis kGPMF1-7 and S. agalactiae kFPMF8 isolates on the growth of Escherichia coli atCC 25922, Proteus mirabilis atCC 12453, Klebsiella oxytoca kGPMF1, Klebsiella ornithinolytica kGPMF8 and Aeromonas hydrophila, as indicator stains. the results were compared with the activities of chloramphenicol, streptomycin and tetracycline on the tested indicator stains. the strongest antagonism was demonstrated by all Streptococcus isolates on the growth of K. oxytoca kGPMF1 (growth inhibition zone from 12-20 mm) and the A. hydrophila (growth inhibition zone from 13-20 mm). When these results were compared with the results of the sensitivity of tested indicator stains to antibiotics, S. uberis kGPMF1-7 and S. agalactiae kGPMF8 isolates showed a moderate antagonistic effect. Due to the specific way cheese is made in from Sokobanja, these isolates probably originate from cows' udders.
Introduction traditional agricultural products, especially cheeses, are recognizable by their authentic flavour and texture. The nutrition of dairy cows, the specific attributes of raw milk as well as the basic traditional cheese making process and the natural bacteria responsible for the fermentation process and ripening, have a very significant role in the formation of the flavour and organoleptic properties of raw milk cheeses (PRPIĆ et al., 2003; PaVeLJŠek et al., 2014; MIreCkI et al., 2015) .
M. Ž. Muruzović et al.: In vitro evaluation of antimicrobial potential of Streptococcus uberis isolated from a local cheese from Southeastern Serbia to 6-8% based on the total weight of the cheese. Cheese samples (300 g of each), taken in summer, from three different producers (households), were used for analysis. each cheese sample was three days old, so the samples were in the same phase of ripening. the same procedure of cheese sampling was done in the autumn, from the same three households, in the same phase of ripening. Samples were transported aseptically to the microbiology laboratory at the Department of Biology and Ecology, University of Kragujevac. The samples were stored at 4 °C in a refrigerator. Streptococcus sp. isolation and identification. the working cheese sample (10 g) was homogenized in 90 mL of 2% sodium citrate solution (pH 7.5) (Alkaloid, Skoplje, Macedonia), previously heated to 45 o C and thoroughly mixed in a vortex until complete homogenization was reached. this was done for each sample, separately. then, successively, 10-fold dilutions (up to 10 -7 ) were prepared with 2% sodium citrate, and 1 mL from 10 -6 and 10 -7 were added to M17 agar (Sigma-aldrich, Sent Luis, USa), and incubated at 37 °C for 48 hours. a single colony resembling Streptococcus sp., was subcultured onto another M17 agar to obtain purification of isolates for further identification (ŠKRINJAR, 1994) . For long-term preservation, the purified strains were stored at -20 °C in cryotubes containing M17 broth (80%) supplemented with 20% of glycerol (Zorka Sabac, Serbia). Then isolates were subjected to microscopic observation.
Furthermore, Gram-positive and catalase-negative isolates were identified to genus level using tests as follows: arginine, esculin and hippurate hydrolysis, fermentation of melibiose, sorbitol, inulin, lactose, arabitol, ribose, production of CO 2 from glucose, growth at 15 and 45 °C, tolerance to 4, 6.5 and 8% of sodium chloride, citrate utilization and hemolysis in blood agar.
arginine and esculine hydrolysis, the production of CO 2 from glucose, and growth in the presence of different concentrations of sodium chloride, were performed according to ISENBERG (1992) . The hippurate hydrolysis test was performed according to COWAN (1993) the ability of citrate utilization was evaluated on citrate agar. the citrate agar consisted of 10 g skimmed milk powder, 2.5 g casein hydrolyzate (Torlak, Belgrade, Serbia), 5 g glucose, 18 g agar and 1000 mL distilled water. the ingredients were mixed to dissolve, adjusted to pH 6.6 and then sterilized by autoclaving at 121 °C for 15 min. after sterilization, 10 mL each of solution a (10% k 3 Fe(CN) 6 ) and solution B (0.025 g/ mL Fe-citrate and 0.025 g/mL Na-citrate) was added. the agar was inoculated with tested bacterial culture aseptically and incubated at 37 °C for 24 hours. the dark blue color of the colonies indicated the ability of citrate utilization by the tested bacteria.
the capacity for hemolysis of S. uberis and S. agalactiae strains was analyzed by inoculation onto Columbia agar with sheep blood (Oxoid, hampshire, United kingdom) and incubation at the temperature of 37 °C for 24 h. the plates were examined for the existence of light zones, whereby α-hemolysis (green-hued zones around colonies), β-hemolysis (clear zones around) and γ-hemolysis (without aureole around colonies) indicated hemolytic activity, i.e. the pathogenesis of the examined strains.
Commercial kit identification -Microgen Strept ID. Isolates that gave equivocal results with the conventional tests were further analyzed using the Microgen Strept ID test, following the manufacturer's instructions. the dehydrated substrates (n = 20) were rehydrated by adding the bacterial suspension. the inoculum was prepared with freshly grown bacteria at 37 °C overnight on Columbia agar with sheep blood plus (Oxoid, hampshire, United kingdom), adjusted with 2 mL sterilized distilled water to at least McFarland No.2 turbidity standard. Following the manufacturer's recommendations, the test strip was inoculated and incubated. the color changes after incubation were read directly or after the addition of reagents. Isolates were identified by referring to the identification tables provided by the manufacturer.
Determination of the antibiotic susceptibility of tested isolates. In this study, S. uberis kGPMF1-7 and S. agalactiae kGPMF8 isolates were tested for susceptibility to some antibiotics: tetracycline (Biolab zrt, Budapest, Hungary) 30 μL; chloramphenicol (Torlak, Belgrade, Serbia) 30 μL; novobiocin (Bioanalyse, Ankara, Türkiye) 30 μL; rifampicin (Torlak, Belgrade, Serbia) 5 μL. The bacterial reference strain, used as a control, was Staphylococcus aureus atCC 29213. the atCC strain was provided by the Microbiology Laboratory, Faculty of Science, University of Kragujevac, Serbia. The bacterial strains were kept in glycerol stock at -80 °C until use.
S. uberis kGPMF1-7 and S. agalactiae kGPMF8 isolates were cultured on Columbia agar with sheep blood plus (Oxoid, hampshire, United kingdom) at 37 °C/24 h. S. aureus ATCC 25923 was cultured on nutrient agar at 37 °C, overnight. Bacterial suspensions were prepared by the direct colony method (aNDreWS, 2005) . the turbidity of the initial suspension was adjusted using a McFarland densitometer (Biosan, Latvia). Bacterial suspensions contained about 10 8 colony-forming units (CFU)/mL, prepared in sterile 0.85% saline.
The bacterial suspension was inoculated onto Mueller-Hinton agar (Torlak, Belgrade, Serbia) supplemented with 5% defibrinated sheep blood, using a sterile cotton swab. The excess moisture was allowed to be absorbed for five min before applying the antibacterial disks. the disks were placed on the agar plates and the plates were incubated at 37°C for 16 to 18 h and the diameter of the inhibition zones was recorded. Zones of inhibition for the tested antibiotics were determined according to the Kirby-Bauer agar disk diffusion susceptibility test (BAUER et al., 1966) .
Screening of S. uberis KGPMF1-7 and S. agalactiae KGPMF8 antimicrobial potential. the antimicrobial potential of the isolated S. uberis kGPMF1-7 and S. agalactiae kGPMF8 was screened by the agar-well diffusion method (taGG and McGIVeN, 1971) MLADENOVIĆ et al., 2018) , in order to test and compare the antagonistic potential of S. uberis kGPMF1-7 and S. agalactiae kGPMF8. the bacterial strains were kept in glycerol stock at -80 °C until use. Soft Nutrient agar (0.7%, w/v), containing indicator strains, was overlaid onto M17 plates. Wells were made in the lawn of the hardened soft agars. Overnight cultures (18 h) were centrifuged (hettich Mikro 120 centrifuge, Sigma-aldrich, Sent Luis, USa) at 10000 rpm/30 min/4 °C. Aliquots (100 μL) of the supernatant of the overnight cultures were filtered, neutralized to pH 6.2, and placed in the wells. The plates were incubated overnight at 37 °C. the clear zone of inhibition around the well was measured.
For comparison, indicator stains were tested for susceptibility to the antibiotics chloramphenicol (Torlak, Belgrade, Serbia) (30 μg), streptomycin (10 μg) and tetracycline (Biolab zrt, Budapest, Hungary) (30 μg), using the Kirby-Bauer agar disk diffusion susceptibility test (BAUER et al., 1966) .
Statistical analysis. One sample t-test was used to compare the inhibitory effects of antibiotics and isolated LAB against the indicator strains. Data were analyzed using SPSS version 20 software (SPSS Inc., Chicago, IL, USa).
Results

Physiological and biochemical characteristics of isolated S. uberis KGPMF1-7 and
S. agalactiae KGPMF8. In this article, the presence, biochemical, and physiological characteristics were investigated of streptococci isolated from cheeses produced in Southeastern Serbia (Sokobanja). The results obtained by testing their physiological and biochemical abilities demonstrated that 7 isolates belonged to S. uberis and 1 isolate to S. agalactiae (table 1, 2). 
In vitro evaluation of antimicrobial potential of Streptococcus uberis isolated from a local cheese from Southeastern Serbia hIP-hippurate; eSC-esculin; arG-arginine; MeL-melibiose; SOr-sorbitol; INU-inulin; LaC-lactose; araarabitol; RIB-ribose; CO 2-production of CO 2 from glucose; + positive; -negative all S. uberis and S. agalactiae isolates were isolated from summer samples of cheese from Sokobanja. From the first sample of cheese, all S. uberis isolates were isolated, while from the second sample, S. agalactiae kGPMF8 was isolated. the third sample of cheese, as well as all three samples from the autumn, did not contain S. uberis. all the tested isolates, except S. uberis kGPMF4 demonstrated the ability to hydrolyze hippurate. all the tested isolates, except S. agalactiae kGPMF8, demonstrated the ability to hydrolyze esculin, while all isolates demonstrated the ability to hydrolyze arginine. all the tested isolates showed the ability to ferment melibiose, lactose and ribose, but they showed no ability to ferment inulin and arabitol. all the isolates, except S. agalactiae kGPMF8, showed the ability to ferment sorbitol. S. uberis kGPMF1, S. uberis kGPMF3 and S. agalactiae kGPMF8 showed the ability to produce CO 2 from glucose (table 1). 
αHE-α-haemolysis; βHE-β-haemolysis; + positive; -negative; +-partially positive all S. uberis isolates showed α-hemolysis on blood agar. S. agalactiae kGPMF8 showed no hemolysis (γ-hemolysis). All the tested isolates demonstrated the ability to grow at 15 °C, but at 45 °C, the growth was reduced. all isolates demonstrated the ability to grow in broth with 4% and 6.5% sodium chloride, but in broth with 8% sodium chloride, the growth was reduced. S. uberis kGPMF1, S. uberis kGPMF2, S. uberis kGPMF3 and S. agalactiae kGPMF8 showed the ability to utilize citrate (table 2).
M. Ž. Muruzović et al.: In vitro evaluation of antimicrobial potential of Streptococcus uberis isolated from a local cheese from Southeastern Serbia
Using the disc-diffusion method, the susceptibility was tested of seven S. uberis isolates and one S. agalactiae isolate to tetracycline, chloramphenicol, rifampicin and novobiocin. the results are shown in table 3. all the tested bacteria were susceptible to all the tested antibiotics. the inhibition zone diameter for tetracycline was 40-48 mm, for chloramphenicol 38-46 mm, for rifanpicin 38-44 mm and for novobiocin 36-46 mm. S. aureus atCC 25923 was also susceptible to all the tested antibiotics, with an inhibition zone diameter of 22 mm, 28 mm, 30 mm and 32 mm for tetracycline, chloramphenicol, rifampicin and novobiocin, respectively. Antimicrobial potential of S. uberis KGPMF1-7 and S. agalactiae KGPMF8. In this work, using the agar-well diffusion method, the potential was tested of the isolated S. uberis kGPMF1-7 and S. agalactiae kGPMF8 species to inhibit the growth of E. coli atCC 25922 and P. mirabilis atCC12453, as well as three isolates, K. oxytoca kGPMF1, K. ornithinolytica kGPMF8 and A. hydrophila. the results are shown in table 4. also, these indicator stains were tested for antibiotic resistance (table 5) . the antagonistic potential of the isolated streptococci compared to the effect of the chosen antibiotics was rated.
E. coli atCC 25922 showed resistance to S. uberis kGPMF3 and S. agalacticae kGPMF8, while for the other S. uberis isolates the inhibition zone diameter was 10-20 mm. P. mirabilis atCC 12453 showed resistance to S. uberis kGPMF6 and S. uberis kGPMF7, while for the other S. uberis isolates the inhibition zone diameter was 12-18 mm, and the S. agalactiae inhibition zone diameter was 16 mm. all the tested isolates inhibited the growth of K. oxytoca kGPMF1, the inhibition zone diameter was 12-20 mm. K. ornithinolytica kGPMF8 showed resistance to S. uberis kGPMF7, while for the other tested isolates the inhibition zone diameter was 9-16 mm. all the tested isolates inhibited the growth of A. hydrophila, where the inhibition zone diameter was 13-20 mm. all the tested indicator stains demonstrated sensitivity to streptomycin and chloramphenicol. P. mirabilis atCC 12453 showed resistance to tetracycline (10 mm). tetracycline (15 mm) had an intermediate effect on K. oxytoca kGPMF1 and A. hydrophila.
all the tested isolates, except S. uberis kGPMF6, showed a better effect on A. hydrophila than tetracycline (>15 mm). Chloramphenicol showed a better effect on the indicator stains than all the tested streptococci (P<0.05). Streptomycin showed a better effect on the indicator stains than S. uberis kGPMF4 and S. uberis kGPMF5 (P<0.05). according to the results, it may be concluded that the S. uberis kGPMF7-1-7 isolates and the S. agalactiae kGPMF8 isolate showed moderate antagonistic activity on the growth of the tested indicator stains.
M. Ž. Muruzović et al.:
In vitro evaluation of antimicrobial potential of Streptococcus uberis isolated from a local cheese from Southeastern Serbia Discussion S. uberis is commonly described as an environmental pathogen, due to the fact that it possesses a great ability to survive and multiply in extreme sites. In our research, for the first time, the presence of Streptococcus sp. in cheese from Sokobanja, and their biochemical and physiological characteristics were investigated. S. uberis has also been isolated from the straw bedding of housed cattle (BRAMLEY, 1982) . WILESMITH et al. (1986) determined the incidence of clinical mastitis and the associated bacteria in dairy herds. S. uberis, followed by S. agalactiae, were the most frequent pathogens isolated from clinical cases (WarD and SChULtZ, 1974) . FraNCIS et al. (1986) demonstrated the similar epidemiological features of clinical mastitis in dry cows in a three year study. It was reported that S. uberis was the predominant pathogen associated with dry period clinical cases, and that the risk of clinical cases in the dry period was higher than during lactation. Clinical mastitis increased during the winter housing period (October to March), with a peak occurring at the end of this period, while a secondary peak in incidence was recorded in august (FraNCIS et al., 1986) . to the best of the author's knowledge, there are practically no data about the presence of this species in milk or cheese, or any other milk products in Serbia. In cheeses from Sokobanja, S. uberis kGPMF1-7 and S. agalactiae kGPMF8 were only isolated from summer samples of cheese. Due to the specific form of production of cheese from Sokobanja, these isolates, probably, originated from the cows' udders, and not as a cause of clinical mastitis. MOrea et al. (1999) examined the dominant bacterial population in traditional mozzarella cheese. Their techniques allowed the identification of potential pathogens in a non-ripened cheese produced from raw milk. they isolated S. uberis with other Streptococcus, Lactococcus, Enterococcus, Staphylococcus, Carnobacterium and Leuconostoc species. The identification of the bacterial population was performed from their physiological properties. In our study, S. uberis kGPMF1-7 and S. agalactiae kGPMF8 were isolated as a part of the bacterial population which may be found in the traditionally made cheese from Sokobanja.
antibiotic therapy is very important for controlling mastitis infections. Understanding the prevalence of the resistance and antibiotic susceptibility patterns of the microorganisms isolated from the milk of cows with the infection can improve the treatment of mastitis. antibiotic intramammary infection therapy is initiated prior to microbiological culturing (GUTERBOCK et al., 1993; MILNER et al., 1997; WONGKATTIYA, 2008) . ERBAS et al. (2016) examined the susceptibility of Enterococcus spp. isolated from mastitis milk to some antibiotics, and most isolates were resistant to tetracycline. ZDOLeC et al. (2016) indicated that the high prevalence of the development of resistance in enterococci isolated from milk samples of healthy cows, could be the result of animal cohabitation and crosscontamination. In our research, S. uberis kGPMF1-7 and S. agalactiae kGPMF8 isolates shown tetracycline susceptibility. the reason may be found in fact that the bacteria were M. Ž. Muruzović et al.: In vitro evaluation of antimicrobial potential of Streptococcus uberis isolated from a local cheese from Southeastern Serbia isolated from cheese made from milk samples from healthy cows, not from bovine mastitis, so they may be treated as environmental. Several antibiotic susceptibilities of S. uberis isolated from bovine mastitis have been reported (BROWN and SCASSERRA, 1990; SaLMON et al., 1998; rOSSIttO et al., 2002; McDOUGaLL et al., 2014) . however, there are no recent data available in the literature describing the susceptibility to any antibacterial agents of S. uberis isolated from milk and cheeses made in Serbia. In our research, all the tested isolates showed susceptibility to all tested antibiotics. S. uberis is a lactic acid bacteria (LAB), a group that commonly produces bacteriocins (kLaeNhaMMer, 1993; COtter et al., 2005; PatrOVSkÝ et al., 2016) . Bacteriocins are proteinaceous antibiotics elaborated by bacteria that typically kill other bacteria of the same or closely related species (taGG et al., 1976) . It has been shown that S. uberis produce a novel nisin variant named nisin U. WIraWaN et al. (2007) reported that, in addition to nisin U, S. uberis produce a second bacteriocin that may induce the lysis of metabolically active, susceptible target bacteria, and as a result it has been named uberolysin. In our research, for the first time, the ability of S. uberis and S. agalactiae isolated from cheese from Sokobanja, to inhibit the growth of some tested Gram-negative bacteria, was investigated and the results were compared with the results of commonly used antibiotics. the authors concluded that S. uberis and S. agalactiae isolates showed moderate antagonistic activity on the growth of the tested indicator stains.
Conclusion
In conclusion, S. uberis and S. agalactiae are present on farm premises and can quite easily gain entrance to a cow's udder through environmental contamination. In our research, S. uberis kGPMF1-7 and S. agalactiae kGPMF8 isolates were isolated from cheese from Sokobanja, which was made from raw milk, so the origin of these bacteria is probably from the cows' udders. all isolates showed susceptibility to all the tested antibiotics. For the first time, the ability was investigated of the isolated streptococci to inhibit the growth of some Gram-negative bacteria, which included potential pathogens. S. uberis kGPMF1-7 and S. agalactiae kGPMF8 showed moderate inhibitory activity. For these reasons, it is important to understand the way in which bacteria grow on cows' udders, the type of potential mastitis they may cause, and the range of good ways to prevent this from becoming a problem in your herd. Further investigations need to include examination of the potential production of antimicrobial compounds, because they show potential in the growth inhibition of Gram-negative bacteria. _______ acknowledgements this study was supported by the Ministry of education, Science and technological Development of the republic of Serbia [41010] 
